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SPIN-TUNNEL INVESTIGATION OF A MODEL OF A SWEPT-WING 
FIGHTER AIRPLANE OVER A WIDE RANGE OF 
FUSELAGE - HEAVY LOADINGS 
By Theodore Berman 
SUMMARY 
As part of a general program to extend the existing spin-recovery 
criterion, an investigation has been conducted to determine the spin and 
recovery characteristics and the tail-design requirements for satisfac-
tory recovery through an extremely wide range of fuselage-heavy-loadings 
of a model representative of a swept-wing fighter airplane. 
The results showed that, as the loading of the model was changed so 
that the inertia yawing-moment parameter was increased negatively beyond 
-200 x 10-4 ) the tall-damping power factor required for satisfactory 
recovery by rudder reversal alone increased from approximately 600 x lo-
to some value between 1500 X 10 6 and 2000 x 1-6 . When the loadings of 
the model were such that the inertia yawing-moment parameters varied from 
approximately -650.x 10 -4-to almost -1000 x 10 -4 the model would not 
spin. For values of the inertia yawing-moment parameter between 
-1000 x lO and -1600 x lO , the tail-damping power factor required 
for satisfactory recovery was found again to be between 1500 x 10 6 and 
2000 x 10-6 for recovery by rudder reversal alone. Further Investiga-
tion showed that movement of the ailerons to neutral or with the spin 
simultaneously with rudder reversal was the most\ effective control manip-
ulation for recovery and, for this design, resulted in satisfactory 
recovery characteristics over the entire range of values of the inertia 
yawing-moment parameter tested even for a tail-damping power factor of 0. 
Variation of the relative density from 25 to 35 caused no appreciable 
change in spin or recovery characteristics. 
INTRODUCTION 
The present spin-recovery design criterion (reference 1) covers a 
comparatively narrow range of loadings and current airplane models 
frequently fall outside this range; thus, predidtlon of the spin and 
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recovery characteristics of such designs without model tests is difficult. 
For example, some fighter-airplane designs are loaded extremely heavily 
along the fuselage and have swept and short-span wings so that the ranges 
of loadings and of the inertia yawing-moment parameter are much wider 
than in-the past. The purpose of spinningresearch is-the-determination 
of spin and recovery characteristics of airplanes merely by examination 
of their mass and dimensional characteristics. As part of a general 
program to extend the existing spin-recovery criterion, therefore, an 
investigation was undertaken in the Langley 20-foot free-spinning tunnel 
to determine the spin and recovery characteristics and the tail-design* 
requirements for satisfactory recovery for a model representative of a 
swept-wing fighter airplane for a wide range of fuselage-heavy loadings. 
The present investigation included variation of the inertia yawing-
moment parameter from -207 x 10 -4 to -1571 x 10 -4 and variation of the 
tail-dampingpower factor from 0 to 2020 x 10-6
 for a constant center-
of-gravity location and relative density. Most of the tests were made 
at a relative density of 25 but the effects of intreasing the relative 
density to 35 were also investigated. Afew tests were made in'
 which 
the center-of-gravity location was varied. 
SYMBOLS 
b	 wing span, feet 
S	 wing area, square feet 
wing or elevator chord at any station along span 
mean aerodynamic chord, feet 
x/	 ratio of distance of center of gravity rearward of leading edge 
of.mean aerodynamic chord to mean aerodynamic chord 
ratio of distance between center of gravity and fuselage 
reference line to mean aerodynamic chord (positive when 
center of gravity is below fuselage reference line) 
m	 mass of airplane, slugs 
moments of inertia about X, Y, and Z body axes, respectively, 
slug-feet2 
inertia ya wing -moment parameter 
nib
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ly - Iz 
2	 inertia rolling-moment parameter mb 
Iz - Ix inertia p4tching-moment parameter 
mb 
P ,	 air density, slugs per cubic foot 
relative density of airplane (m/pSb) 
a. angle between fuselage reference line and vertical '(approxi-
mately equal to absolute value of angle of attack at plane 
of symmetry), degrees 
0	 angle between span axis and horizontal (positive when right 
wing down), degrees 
V	 full-scale true rate of descent, feet per second
	 - 
full-scale angular velocity about spin axis, revolutions per 
second 
TDPF	 tail-damping power factor (TDR x URvc) (see reference 1) 
TDR	 tail-damping ratio 
TJRVC	 unshielded-rudder volume coefficient 
a	 helix angle, angle between flight path and vertical, degrees 
APPARATUS AND METHODS 
Model 
• The model used for the present investigation was considered repre-
sentative of aJj-scale model of a modern swept-wing fighter airplane. 
A three-view drawing of the model as tested with the normal tail is 
shown as figure 1. Figure 2 shows photographs of the model with the 
normal tail and figure 3 shows the 'tail modifications by means of which 
the value of tail-damping power factor was changed. The dimensional 
characteristics of the model scaled up to airplane values are presented 
in table I..	 •	 ••	 -
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The model was ballasted to obtain dynamic similarity to an airplane 
at 15,000 feet.(p = 0.001496 slug/cu ft). A remote-contr1 mechanism 
was installed in the model to actuate the controls for the recovery 
attempts and sufficient moment was exerted on the controls during the 
recovery attempts to reverse them fully and rapidly. 
Wind-Tunnel and Testing Technique 
The tests were performed in the Langley 20-foot free-spinning tun-
nel., the operation of which is, in general, similar to that described in 
reference 2 for the Langley 15-foot free-spinning tunnel, except that 
the model launching technique has been changed. The model is now 
launched by hand into the vertically rising air stream with the controls 
set in the desired position. The airspeed is adjusted until it balances 
the weight of the model and, after a number of turns in the established 
spin, recovery is attempted by moving one or more controls by means of 
the remote-control mechanism. After recovery the model dives into a 
safety net. A photograph of the model spinning in the tunnel is shown 
as figure Li.. 
The spin data presented were converted to corresponding full-scale 
values by methods described in reference 2. The turns for recovery are 
measured from the time the controls are moved to the time the spin rota- 
tion ceases and the model dives into the net. For the spins which had a 
rate of descent in excess of that which can be attained in the, tunnel, 
the rate of descent was recorded as greater than the velocity at the time 
the model hit the safety net, for example, >300. For these tests, the 
recovery was attempted before the model reached its final attitude and 
while the model was descending in the tunnel. Such results are conserv-
ative; that is, recoveries will not be so fast as when the model is in 
the final attitude. For recovery attempts in which the model struck the 
safety net while it was still in a spin, the recovery was recorded as 
greater than the number of turns from the time the controls were moved 
to the time the model struck the net, for example, >3. A >3-turn 
recovery, however, does not necessarily indicate an improvement over a 
>7-turn rcovery. For recovery attempts in-which the model did not 
recover after 10 turns, the recovery was recorded as co. When the 
model recovered without control movement with the rudder set. with the 
spin, the result was recorded as "no spin." 
Spin-tunnel tests are usually made to determine the spin and 
recovery characteristics of the model at the normal spinning control 
configuration (elevator full up, ailerons neutral, and rudder full with 
the spin) and at various other aileron-elevator control combinations 
including zero and maximum deflections. Recovery is generally attempted 
by rapid full rudder reversal. During this investigation, recoveries 
were sometimes attempted by simultaneous movement of the rudder and
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ailerons. Tests are ' also performed to evaluate the possible adverse 
effects on recovery of small deviations from the normal-control con-
figuration for spinning. For this type of test, the ailerons are set 
at one-third of the full deflection in the direction conducive to slower 
recoveries and the elevator is set at two thirds its full-up deflection 
or full up, whichever is conducive to slower recoveries. Recovery is 
generally attempted by rapidly reversing the rudder from full with the 
spin to only two thirds against the spin or by rudder and elevator move-
ment when it is thought that elevator movement will be effective. This 
control configuration and movement is referred to as the criterion 
spin." For this model, recovery characteristics were considered satis-
factory if recovery from this criterion spin occurred in 2 turns or 
less by reversal of the rudder or by the alternate technique of simul-
taneous movement of the rudder to against the spin and the ailerons to 
neutral or with the spin. This criterion has been adopted on the basis 
of full-scale airplane spin-recovery data and corresponding model test 
results.
PRECISION 
The model test results presented are believed to be true values 
given by the model within the following limits: 
a, degrees .............................. 
0, degrees ...............................± 
V. percent ............................. 
, percent ...............................±2 
Turns for recovery 
Obtained from film........................... 
Obtained from visual observation 
The preceding limits may have been exceeded for some of the spins in 
which it was difficult to control the model in the tunnel because of th€ 
high rate of descent or because of the wandering or oscillatory nature 
of the spin. 
Comparison between model and full-scale results (reference 3) 
indicates that model tests satisfactorily predicted full-scale recovery 
characteristics approximately 90 percent of the time and for the 
remaining 10 percent of the time the model results were of value in 
predicting some of the details of the full-scale spins. The airplanes 
generally spun at an angle of attack closer to 150 than to the model 
angle of attack and at a, higher altitude loss per revolution than the
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model although the higher rate of descent. was found to be associated 
with the smaller angle of attack whether of airplane or model. 
The accuracy of measuring the weight and mass distribution of the 
model is believed to be within the following limits: 
Weight, percent ............................ 
Center-of-gravity location, percent E ..............±1 
Moments of inertia, percent .. ................... 
The controls were set with an accuracy of ±10. 
TEST CONDITIONS 
A summary of the conditions tested is presented in table II and 
the inertia parameters for the loadings tested on the model are plotted 
in figure 5. 
The maximum control deflections used for most of the tests were: 
Rudder, degrees ....................20 right, 20 left 
Elevator, degrees .................... 25 up, 15 down 
Ailerons, degrees ....................20 up, 20 down 
For a few tests the maximum deflections Qf the rudder were 300 right and 
300 left. Intermediate control deflections were also used as shown in 
the charts. For all tests the model was In the clean condition (landing 
flaps and landing gear retracted and cockpit closed). 
The tests included changes of the tail-damping power factor of the 
model and these changes were made by the methods shown in figure 3. A 
tail-damping power factor of 0 was obtained by cutting the original rud-
der along a 150 line from the rear tip of the horizontal tail and fixing 
the bottom part at neutral. In this manner the entire movable rudder 
area was left in a shielded region and the value of the unshielded-
ruddei volume coefficient (URVC) was reduced to 0. A tail-damping 
power factor of 622 x 10 6 was obtained by cutting the rudder so that an 
appropriate rudder area was unshielded. The original tail design had a 
tail-damping power factor of 1079 X 10_6 and this factor was increased 
to 1557 x 10-6 and 2020 x 10-6 by adding ventral fins 1 and 2, respec-
tively; thus, the tail-damping ratio (TDR) was increased.
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RESULTS AND DISCUSSION 
The results of the tests are presented in charts 1 to 30 and fig-
ure 6. Right and left spins of the model were symmetrical and therefore 
the data are presented in terms of right spins only. Although not com-
pletely consistent, a trend toward larger helix angles (a) was noted 
with increasingly negative values .of the inertia yawing-moment parameter; 
the average value obtained was 70• 
The spin and recovery characteristics of the model for a value of 
IX - ly 4 
2	 of-205 X-10".` are presented in charts 1 to 3. This loading is mb - .
	
0 
within the range-of-loadings presented in reference 1 which presented, 
in effect, a criterion for satisfactory spin recovery. For the normal 
tail design (tail-damping power factor of 1079 x l0) recoveries were 
satisfactory by rudder reversal and, for a tail-damping power factor 
of 0, recoveries were unsatisfactory. At a tail-damping power factor 
of 622 x 10 . 6 --
 , which is just above the boundary for satisfactory recovery 
characteristics in reference 1, recoveries were not quite satisfactory 
for the. normal rudder deflectionsof ±20 0
 but were satisfactory for a 
rudder deflection of-±300 . Inasmuch as a study of the designs upOn 
which reference I is based showed that most of those designs incorporated 
rudder deflections of greater than ±20, the results presented in charts 1 
to 3-are considered to show that at this loading the spin and recovery 
characteristics of this design are conventional. Ailerons set against 
the spin (stick left in a' right spin) and elevator down settings were 
found to be detrimental to recovery as would be expected from a study of 
reference 4.	 0	 0 
As the inertia yawing-moment parameter became more negative 
(IX - IY 4\ 	 0 
2	 of _394 x 10 ) changes were noted in the spin and recovery \nib	
/ 	 0	
0 
characteristics of the model. As shown in charts 4 to 7, when the 
ailerons were set Thll against the spin the spin motion showed a tendency 
to be wandering and somewhat oscillatory in roll and yaw. The main 
change, however, was that, with ailerons against the spin, recoveries. 
became very slow so that recoveries from the criterion spin, by rudder 
reversal, were unsatisfactory for. the normal tail and a value of tail-
damping power factor between 1557 x 10_ 6
 and 2020 x 10_ 6 , obtained by 
adding ventral fins 1-and 2, was necessary for satisfactory recovery. 
An additional increase negatively of the inertia  yawing-moment 
parameter \ ( IX 21 of -671.x lQ and -865 x l0 4) resulted in "no 
mb 
spins" for all control settings (charts 8 to 10). When the ailerons
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were set against the spin the model motion became quite oscillatory in 
roll and yaw immediately after launching and the model rolled out of the 
spin. When the ailerons were neutral or with the spin, the model motion 
was not so oscillatory but the initial launching rotation damped quickly 
and the model nosed down and recovered from the spin without control 
movement. The factors causing the no spins were felt to be connected 
with the factors that cause oscillatory motions in the developed spin 
as described in reference 5. 
Increasing the Inertia yawing-moment parameter negatively to values 
of -1052 x 10 and -1571 x 10 resulted in generally less oscillation 
of the model and, for some control configurations, steady spins were 
obtained (charts 11 to 18). When spins were obtained, recoveries by 
rudder reversal alone were unsatisfactory for the normal tail configura- 
tion (tail-damping power factor of 1079 x 10_u) and with ventral fin 1 
added (tail-damping power factor 1557x 10-6 ) but were satisfactory with 
ventral fin 2 added (tail-damping power factor 2020 x 10-6). 
Throughout the range of loadings tested, setting the ailerons with 
the spin resulted in a steep nose-down attitude apparently below the 
stall at the plane of symmetry, but the model continued turning. The 
turning of the model appeared to be caused by the ailerons (aileron roll); 
brief tests were made in which the ailerons were moved to neutral after 
the model had entered this steepattitude. The model stopped rotating 
immediately and this result indicated that the turning motion was due to 
the ailerons. Accordingly, the aileron with spin attempts were recorded 
as a no spin and as a steep spin with rapid recovery for motion occurring 
without rudder reversal and after rudder reversal, respectively. Because. 
of the high rate of descent of all spins when the ailerons were with the 
spin, the model could only be observed for limited, lengths of time and 
all aileron with spins might have been no spins if they could have been 
observed in the tunnel longer. 
The results for this design showed that for satisfactory recovery 
characteristics by rudder reversal over the complete range of loadings 
a value of tail-damping power factor larger than is normally found in 
present designs (between 1557 x 10 6 and 2020 x 10-6) is necessary. This 
value was believed to be undesirably high and, if possible, some other 
recovery technique that would not require so high a value of tail-damping 
power factor for satisfactory recovery was believed to be desirable. The 
first recovery technique considered was movement of the elevator in con-
junction with rudder reversal. Spin-tunnel experience has indicated 
that movement of the elevator down during the developed spin is benef5-
cial to recovery when the loading is mainly along the wings (inertia 
yawing-moment parameter positive) but is of little effect when the loading 
is mainly along the fuselage. For the range of loadings of the present 
Investigation, therefore, the elevator movement could not be expected 
to aid recovery substantially. Examination of the test data showed that,
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for all loadings, when the ailerons were set with the spin, the model 
either did not spin or spun very steeply and recovered rapidly, whereas 
the slow recoveries were obtained when the ailerons were set against 
the spin. Recoveries were therefore attempted by simultaneous reversal 
of the rudder and movement of the ailerons to neutral or with the spin. 
As shown in the charts and in figure 6, this recovery technique was 
very effective. Although the results indicated that aileron reversal 
alone might not effect satisfactory recoveries, when the recovery tech-
nique of simultaneous movement of the rudder and ailerons was applied 
the tail-damping power factor required for satisfactory recovery was 
found to be 0. The apparent effectiveness of the rudder even with a 
tail-damping power factor of 0 may be explained by the fact that the 
attitude of aileron with spins was steeper than the attitude for which 
tail-damping power factor is computed and therefore part ofthe rudder 
may have been unshielded. 
In the past, aileron movement has not been recommended to effect 
recovery, because movement of an additional control for recovery may 
cause the pilot to be confused, the variation of loading in flight quite 
often changed the direction of favorable aileron movement, and spin-
tunnel tests had indicated that models were generally slow to respond 
to aileron movement. Most current designs, however, are so loaded 
(fuselage heavy) that, for the entire range of possible loadings, movement 
of the ailerons to with the spin would be favorable. For airplanes that 
have a very great part of their weight distributed along the fuselage 
relative to the weight in the wings, the response-of the airplane to 
aileron movement during spins might be expected to be rapid because of 
inertia effects and, therefore, because the conventional recovery tech-
nique appeared to be inadequate, this new recovery technique is recom- 
mended. The effect of the aileron movement was to cause the right wing 
- to move down (0 positive) and thereby, Ix- ly 2	 being negative, to 
nib 
cause an antispin inertia yawing moment which in conjunction with the 
moment opposing the spin due to the rudder resulted in rapid recovery. 
In analyzing the results, recoveries by rudder reversal alone in 
several instances varied from 1/2 turn to
	 for the same control con-
figuration. Study of the films of these recoveries showed that, in such 
cases, the spin was oscillatory to some degree and, when the inner wing 
was above the horizon at the moment the rudder was reversed, recoveries• 
were poor, but that, when the rudder was reversed when the inner wing 
was below the horizon (0 positive), recoveries were rapid. This result 
agrees with the previously mentioned results which indicated that moving 
the ailerons with the spin facilitates recovery. 
A method of-predicting the oscillatory motions of the model that 
sometimes resulted in no spin was shown in reference 5. This reference
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indicated that increasing the inertia yawing-moment parameter negatively 
or increasing the side-area moment- -factor (approximately the ratio of the 
moment of the area forward of the center of gravity to the moment of the 
area rearward of the center of gravity) results in violently oscillatory 
motions. The trend towards-oscillatory motions in this investigation 
was similar to that of reference 5 but the boundary between the oscilla-
tory and steady regions was not the same. This shift in boundary is 
probably explained by the fact that all the designs in reference 5 had 
straight wings, whereas the present design has a swept wing. Inasmuch 
as the inertia yawing-moment parameter includes a wing span factor, the 
shorter spans of the swept wings result in relatively higher negative 
values of the inertia yawing-moment parameter. The aerodynamic charac-
teristics of the swept wing may-also cause a shift in the boundary. 
Reference 5 shows that, as the inertia yawing-moment parameter Increased 
negatively, oscillatory motions occurred at lower side-area moment fac-
tors. The data presented herein agree with reference 5 for the same 
range of values of the inertia yawing-moment parameter; but, as the 
values of the inertia yawing-moment parameter were increased further 
negatively, oscillations occurred only with larger values Of side-area 
moment factor.
Effect of Change of Relative Density 
The data discussed hitherto were obtained with the model loaded to 
represent a value of .t of 25. Corresponding data obtained when the 
model was loaded to represent
	 = 35 are shown in charts 19 to 27. 
Comparison indicates that the change in i had little effect on the 
spin and recovery characteristics of the model. 
Analysis of the results presented in charts 25 to 27 for 4 = 35 
and a value of the inertia yawing-moment parameter of 
-997 x 10 and 
comparison with corresponding results at i = 25 (charts 11 to 13) 
indicate that, if tests had been conducted, unsatisfactory recoveries 
would have been obtained for spins with ailerons one third against the 
shin and plevator full up for tail-damping power factor of 0 and 
1079 x 0_6 (charts 25 and 26) 
Effect of Change of Center-of-Gravity Location 
Data presented in charts 28 to 30 are the results of brief tests 
previously mentioned in which the center-of-gravity location was varied 
with loadings 1 and 3 as basic loadings. These data show that when the 
center-of-gravity location was moved forward from loading 3 ( x/—c from 0.198 to 0.110) while the inertia parameters about the center of gravity 
were held approximately constant (chart 28) the spins became less
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oscillatory and spins were obtained at control configuraiions at which 
the model had not spun previously. This effect was consistent with the 
data of reference 5, inasmuch as movement of the center-of-gravity for-
ward reduced the side-area moment factor.
	 - 
Movement of the center-of-gravity location rearward of normal from 
loading 3.(x/E from 0.198 to 0.393) while keeping the inertia parameters 
approximately constant (chart 29) also resulted in a tendency toward less 
oscillation and more steady spins than were obtained at the basic loading. 
Based on,side-area moment factor alone, this effect was not expected and. 
other .changes such as the decrease in tail-damping power factor associated 
with the rearward center-of-gravity movement appear to account partially 
for the result obtained. 'Tests made with the center-of-gravity location 
moved rearward from loading 1 (x/ from 0.194 to 0.399) while keeping 
the inertia parameters approximately constant (chart 30), a loading 
which is in the range of inertia yawing-moment parameters previously 
investigated and reported upon in reference 5, however, showed a trend 
similar to that of reference 5 (rearward movement of the center of 
gravity caused more oscillatory spins and, for aileron-against settings, 
recoveries were improved because of the oscillations). 
Extended Spin-Recovery Criterion 
A first approximation of the extended spin-recovery criterion is 
presented in figure 6. Because this figure is based on only one basic 
configuration, the boundaries shown are approximate and apply only to 
designs similar to the design tested, but the trends for spin charac-
teristics shown and for control techniques necessary for satisfactory 
recovery should apply generally. 
CONCLUSIONS 
Based on the results of the present investigation which was intended 
as part of a general investigation to determine the tail-design require-
ments for satisfactory recovery through an extremely wide range of
	 - 
fuselage-heavy loadings in order to extend the existing spin-recovery 
criterion, the following conclusions were drawn which are believed to 
apply to designs similar to the model tested and to show general trends 
in spin characteristics and control techniques required for satisfactory 
recovery:  
1. Increasing the inertia yawing-moment parameter negatively beyond 
-200 x lO to approximately -650 x lO increased the tail-damping 
power factor required for satisfactory recovery by rudder reversal alone
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from a value of approximately 600 x 10- 6
 to a value between 1500 x 10-6 
and 2000 x 10_6. 
2. Further negative increase of the inertia yawing-moment parameter 
indicated that between values of the parameter of -650 x lo-4 and 
-1000 x lO spins could not be obtained and that, at least in part, the 
no spins were due to the same factors that normally lead to oscillatory 
motions in spinning attitudes. 
3. For value 's of inertia yawing-moment parameter between 
-1000 X 10 -4 and -1600 x lo -4 the value of the..tail-damping power factor 
required for satisfactory recovery by rudder reversal alone was between 
1500 x io_6 and 2000 x 10_6. 
4. Movement of the 'ailerons with the spin simultaneously with rud-
der reversal was the most effective control manipulation for recovery 
from spins and resulted in satisfactory recovery characteristics over 
the entire range of inertia yawing-moment parameter tested even for a 
tail-damping power factor of 0. 
5. Variation of relative density from 25 to 35 caused no appreciable 
change in spin or recovery characteristics. 
Langley Aeronautical Laboratory 
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TABLE I. - DIMENSIONAL CHARACTERISTICS OF THE MODEL SCALED UP TO 
AIRPLANE VALUES BASED ON AN ASSUMED SCALE OF 1/24 
Length over-all, ft ..........................514..25 
Normal center-of-gravity location, percent T ..........
	
19.6 
Wing: 
Span, ft	 ............................3967

Area, sq ft ...........................350 
Sweepback at	 c/Il. , deg	 ..................... 35 
Incidence, deg ..........................1 
Dihedral, deg ...... ... ...................o 
Section ...................... ... ..NACA 65-009 
Aspect ratio .............................5O 
Mean aerodynamic chord, ft ....................9.8 
Leading edge of E rearward of leading-edge of root chord, ft . 6.8 
Ailerons: 
Area, sq ft ...........................18.14. 
Span, percent b/2 ........................37.8 
Hinge-line location, percent c ................. 75 
Horizontal tail surfaces: 
Total area, sq ft 
Span, ft 
Elevator area rearwa 
Distance from normal 
at fuselage center 
Incidence, deg 
Sweepback, deg
......66.8 
..........3 
rd of hinge line, sq ft ...........15.6 
center of gravity to elevator hinge line 
line, ft ...................26.6 
0
.......35 
Vertical tail surfaces: 
Total area, sq ft .........................11.6.6 
Total rudder area rearward of hinge line, sq ft .........10.7 
Distance from normal center of gravity to rudder hinge line 
at waterline 70 (70 in. above water line 0) ft ........27.7
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TABLE II. - MASS CHARACTERISTICS, INERTIA PARAMETERS, AND TAIL DAMPING POWER FACTORS FOR 
THE LOADINGS TESTED WITP A MODEL OF A SWEPT-WING AIRPLANE 
[Values given as corresponding full-scale values of a
	 scale model; moments of 
inertia are given about center of gravity. 
Loading Weight
Center-of-
Relative 
density, 
u	 at 
15,000 feet
Mots of inertia 
(slug-ft2) 
-
Mass parameters
- 
. f02
Chart 
presenting 
xis	 z/T i i
- 
-p--
- 
--p---
- 
-p--
16,715 0.195 -0.040 25.0 30,516 47,285 75,757 -205 x 10 -348 x 10 554 x 10 1079 x 10 i 
1 16,715
.1941	 .040 25.0 30,516 47,285 75,747 -205 -348 555 622 2 
16,715 .194	 .040 25.0 30,516 47,285 75,747 -205 -348 555 0 3 
16,8oi .1961	 .050 25.1 17,375 49,764 65,302 3914
-177 571 2020 5 
2
16,80].
.1961 .050 25.1 17,375 59,765 64,302 -394 -177 571 1557 
16,8oi 196 .050 25.1 17,374 49,764 65,302 -395 -177 571 1079 6 
16,801 . 196 1 .0501 25.1 17,375 59,764 65,302 -395 -177 571 0 7 
16,667 .198 .064 24.9 16,821 71,511 85,769 -671
-175 856 1079 8 
16,667 .198 .064 24.9 16,821 71,511 85,769 -671 -175 846 0 9 
5 16,753 1991 .066 25.0 17,036 87,852 102,655 -865 -178 1056 1079 10 
.197i	 .068 25.3 7,362 94,283 98,692 1052
-53	 - 1106 2020 11 
16,897 
-.---.-.  
.197 .068 25.3 7,362 95,283 98,692 1052
-53 1106 1557 12 
5
16,897 .1971 .068 25.3 7,362 95,283 98,692 1052
-53 1106 1079 13 
16,897 j068 25.3 7,362 94,283 98,692 -1052
-53 1106 0 15 
16,815 .195j .092 25.2 7,369 136,575 150,593 -1571 -59 1620 2020 15. 
6
16,815 .195 .092 25.2 7,369 136,574 150,493 -1571 -59 1620 1557 16 
16,815 .194 .092 25.2 7,369 136,475 140,493 -1571 -59 1620 1079	 . 17 
16,815 .194 .092 25.2 7,369 136,1475 150,593 -1571 -59 1620 0 18 
7 23,276 .195 .021 34.8 36,995 60,690 95,345 -208 -305 513 1079 19 
8	 123,170 .202 .036 35.6 20,617 68,762 87,315 -525 -165 589 1079 20 
9 23,161 .202 .052j 35.6 20,648 91,6148 109,898 -627 788 1079 21 
23,510 .216 15,767 112,164 125,590 _8143 -117 960 0 22 
10 23,51O .216 .053 35.0 15,767 112,164 125,590 -843
-117 960 1079 23 
23,510 .216 .053 35.0 15,767 112,164 125,590 -853
-117 960 1557 25 
11
23,563 
23,563
.194 
.195
. 056 1 
. 056 1
35.2 
35.2
9,836 124,68 132,255
-997 -66 1063 0 25 
9,836 124,68 132,255
-997 -66 1063 1079 26 
12
23,563 
16,954 1
.194	 .056 
.110	
.0551
35.2 
25.3
9,836 
7,165
124,686 
58,091
132,645 
62,623
-997 
-61
-66 
-55
1063 
669
1557 
1079
27	 - 
28 
13 16,954
.393 .0511 25.3 8,557 58,59' -605
-70 676 1079 29 
15 j 16,7201 .399 .0681	 25.0 32;965	 46,681 78,1501 -162 -382 550 1079 30
16
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CHART 1.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 1 AND 
A TAIL-DAMPING POWER FACTOR OF 1079 x 10- 6 
Ix_2= -205 'C 10, v = 25, recovery attempted by rapid full rudder reversal unless 
mb 
otherwise noted, right spins] 	 -
ab 
11.1 lU
Cd 37 0 
t. 
261 0.30 F4 N kIN I 285 0.32 
172
Ailerons 
against
38 
262
2D 
0.32
CC 4a 
FA 
k00
' 39 1D 
Ailerons full against - - 
261 0.35 (Stick left) 278 0.37 
2,4 S 1.2 
'-4
a 
00 
Cd 
a. .—
'-I 
39 0 37 1U 
26 11. 0.35 264 0.39 
11 2,2 
tmwhipping spin. 
bWandering. spin. 
CRecovery attempted before model reached 
final attitude.	 After rudder reversal 
model recovered by going into an 
d	 aileron roll. Recovery attempted by simultaneous reversal 
of rudder and neutralization of ailerons. 
Model recovered in an erect dive. 
eRecovery attempted by reversing rudder from 
full with to
	 against the spin. 
Recovery attempted before model in final atti-
tude.	 Model recovered and then went into an 
inverted spin.
>335 
c1 
d1
 d 
Ailerons full with
(Stick right)
>335 
fl 
I	 a	 - 
(deg)	 (de) 
Model values	 I	 v Converted to
	 (rps) Corresponding
	 I full-scale values. 
.I	 Turns for Ii inner Wing UP	 I  D inner wing down
	
recovery
L 
I -
'-I	 .14 
,-I	 0 
a 
4. .0 
S. 
0 0 
1.'	 I 
Id 
a - 
31	 9 
23 0.3 
I. 
1, l 
'.4 
I-.	 0 
4. 
S. 
0 
• 4'	 0 
5.1 
a si 
— 
1.2 
33 0 
23 0.30 
1,1 
1
>3 
ab 1ab 
l, l 
Ailerons full with 
Stick right) 
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CHART 2.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 1 AND 
A TAIL-DAMPING POWER FACTOR OF 622 x 0_6 
IX 
-_= -
ao x 10-4 , = 5, -recovery attempted by rapid full rudder reversal unless 
L sib2 
otherwise noted, right spins)
17 
0	 I 
37 2U 
4.'	 I 
	
_____	 a I 5	 0.1
a 
39	 2U I 1'l cuI1 
1263 0.30 - 
2,2	 276 0.32 
Ailerons 
	
against	 2, 3, [J 
	
Ailerons	 [ j 
against
269 0.32 
Ailerons full against 
	
e	 e 
l l 2 
	
259 0.3	 (Stick left) 
2 i 2
36	 3U 
263 0.3
	 -	 >33 
2, 2	 b b1 
aModel recovered by going into an aileron roll. 
bRecovery attempted before model reached final 
attitude.
	
(deg). - (.deg) 
Recovery attempted by reversing rudder rrolI,..,,f.	 Model vaiiie 
 
fill with to	 against.	 converted Co
 (fpsj	 Cr SI d	 corresponding. p Recovery attempted by simultaneously reversing 	 full-scale values 
rudder from full with to - against and	 -,	 u inni 'ñ
	
Turns. or 
1	 -	 .,,inner.w1ng4own	
recovery 
'ailerons from 7 against to neutral. 	 . 
°Recovery attempted by reversing rudder from	 - . 
300 with the spin to 200 against the spin.
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CHART 3 . - SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 1 
AND A TAIL-DAMPING POWER FACTOR OF 0 
I
Ix - ly =
	 x lO, p = 25, recovery attempted by rapid full rudder reversal unless 
otherwise noted, right spins] 
a
	 t. 
5wanderthg spin. 
bRecovery attempted before model reached final 
attitude. 
Somewhat oscillatory in roll and yaw, average 
values or range of values given. 
Recovery attempted by reversing the rudder from 
full with to 5 against the spin. 
eRecovery attempted by movement of rudder from 
full with to against and movement of the 
ailerons from against to neutral.
a 
(deg)	 deg) 
Model values 
converted to 
corresponding
	 (fps)
	 )rps 
full-scale values. 
U inner wing up	 Turns for 
D inner wing down	 recovery
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CHART k.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 2 AND 
A TAIL-DAMPING POWER FACTOR OF 2020 
FIX - I  
sib2 = 
-391 x lO,	 = 25, recovery attempted by rapid full rudder reversal unless 
otherwise noted, right.epinsJ 	 - 
a	 abc 
0 
4. 
a 
. C. 
S 
rl 
1.1 CU It,
19 
awandering spin. 
bwhipping spin. 
°Recovery attempted before model reached 
d final attitude. 
Recovery attempted by reversing the rudder 
from full with to 2 against the spin.
a 
(deg)	 (deg) 
Model values	
v 
converted to
	 p (fps)	 (rps) corresponding	
-I	 I full-scale values.
	
Turns for I U inner wing u
 
D inner wing down
	
recovery,
NACA
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CHART 5.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 2 AND 
A TAIL-DAMPING POWER FACTOR OF 1557 x 10-6 
FIX_ly 
	
Lsib2 =
	
O ,	 = 25, recovery attempted by rapid full rudder reversal unless 
otherwise noted, right spins]
 
a	
.	 I	 Abe 
	
36 12U	 0 4. 
52	 5D	 Cd 
t. 
-4	 App 
	
271 0.2	 I F	 320
 
1,1	 39 
Aller ons	 271 0.30 
1 against
14 0 
14 W 
4. 
Cd 
142
	 11LU 
26	 32	 Ailerons full against	 Aileràns full with 
	
(Stick left) 
	 (Stick right) 
5-ff 6
0 
00 
4 .4 
5) .-
-4 
1.1 
2	 6U	 37 lU 
	
254 0.311	 21 0.37 
	
6, >15	 1, 2 
aoscillatory in roll and yaw, average 
value or range of values given. 
'Wandering spin,
	
a 
(deg)	 (deg) 
°Recovery attempted before model reached  
d final attitude.	 Model values 
Recovery attempted by reversing the rudder 	 converted to	
V 
	
from full with to	 against the spin,	 corresponding	
(fps) - (rps( 
3	 full-scale values. 
U inner wing up	 Turns for 
D Inner wing down	 recovery
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CHART 6.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 2 AND 
IX - i	
A TAIL-DAMPING POWER FACTOR OF 1079 x 106 
I 2	 -39I a 10, i = ie5, recovery attempted by rapid full rudder reversal unless
mb 
otherwise noted, right spins] 
ab
 
9. I 44 I 313!	 .	 361 1D a	 I 
0.25 
 
540	 I 
, l	 l	 lU
 
Id	 d 
	
Ailerons	 - - 
	
against	
27i 0.32 
	
5, >8	 ft 
f
	
1
1 f
l1
	
,-so 
00. 43.4 
a.. 
0-
'-4 
ac  
38 	 113	 I 
App
	
	 Ailerons full against	
- - 2514 O.3,
	
Ailerons full with 
(Stick 2361	 I left)	 - -
	 (Stick right)
	 I	 I 
>3, a)	 l, l 
g l 1 91  
,	 l	 .
a 
00 
00 
4. .4 
a.' 
a
	 - 
38 lU 
2148(  
:- 11,
	
h 
g g
(deI	 Ideg) 
awandering spin.
.	 Model values 
bSpin oscillatory in yew, roll, and pitch,
	
converted to 
average values given
	
corresponding	 lips)	 )rps) 
Csllghtly oscillatory, average values, given,
	
full-scale values. 
dRecovery attempted before model reached final
	
U Inner wing Up	 Turns for 
attitude. Model recovered by going into
	
D inner wing down
	 recovery 
an aileron roll.
 
eaecovery attemped by reversing the rudder from 
full with to 3 against the spin. 
1 Recovery attempted by simultaneous reversal of the ailerons from 
against to full with the spin and the rudder from full with 
to against the spin. 
gRecovery attempted by simultaneous full reversal or the ailerons 
to with the spin and the rudder to against the spin. 
hRecovepy attempted before model in final attitude. Model 
recovered and went into an inverted spin.
L 
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CHART 7.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 2 AND 
A TAIL-DAMPING POWER FACTOR OF 0 I Ix______ = -394 x 1Q1,	 = 25, recovery attempted by rapid full rudoer reversal unless mb 
otherwise noted, right spins] 
ab 
I 41 1 3U 4.' a 
so 
261 0.28 
>5, >7
-4 
-.	 39 I	
27	 0.2 I >2, >21
e	 e 
Id	 d	 I	 2,>12 
	
1, 1	 Ailerons 
 against 
App	 ilerone full against 
(Stick left) 
>12
ab 
320
1 
1,]. 
0. 
p 
-4 
00 
o 
4.' (5 
a.-'
Ailerons 
b 
'App 
25 0.35
	 (Stick right) 
2, 3 
'-4
a 
'-I 00 
'-' '-. 
.00 
54' 5'tfl 
a 
-4
aWhipping spin. 
. i i g spin. 
°Recovery attempted by full reversal of 
ailerons alone. 
Recovery attempted by simultaneous full 
reversal of rudder and ailerons. 
eRscovery attempted by reversal of rudder from 
full with to against the spin. 
Recovery attempted by simultaneous reversal of 
rudder from full with to against the spin and 
the ailerons from against to full with the-spin.
•	 I 
(deg)	 (deg) 
Model values 
converted to
	
V	 !1 
corresponding	 )fps)	 (rps) 
full-scale values. 
U inner wing up
	 Turns for 
D inner wing down
	 recovery 
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CHART S.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 3 AND 
A TAIL-DAMPING POWER FACTOR OF 1079 x 10-.6 
[IX mb2 
= 671 x lO,	 = 5, right spins ] 
p	 a	 b 
S. 
0 
NOSPIN	 NO PIN 
a	 NOSPIN 
NO PIN 
Ailerons 
4 against
L•	 I 0 01 as 
01 0 
4I.,4 
eI4 
0. 
a I .-.-
S.1I 
C	 d 
NO LS IN I	 I NO IPIN I
	
(Stick right)	 H' 
	
Ailerons full against 	 I	 I	 I	 Ailerons full with 
(Stick left) I	 I 
S. 
a 
'-4 
-4 
00 
4.' ..4 
5.5) 
'-4 
54 
d NO PIN	 NO PIN 
aAfter launching, the model motion became increasingly 
oscillatory in roll and yaw and the pitch angle 	 I 
decreased until the model abruptly went into 	 I a 	
45 an erect glide.	 (deg) 
bAtter launching, the model steepened until 	 Model values 
almost vertical and then went into an 	 Converted to
	 I	 V	 ç) 
aileron roll.	 CôI'responding
	
lrpsl 
0After launching, the model motion became	 full-scale values.
	 I 
Increasingly oscillatory in roll and yaw 	 u inner wing up
	 I Turns for 
until the model rolled left, Inverted,	 D inner wing down I	 recovery 
.,nd continued in a left roll with the 	 L 
fuselage almost-vertical. 
dArter launching, the model motion became NACA
 increasingly oscillatory in roll and yaw 
and the pitch angle decreased until the 
model abruptly went into an erect dive.
I. 
0
NO 
a 
'-I 
I'l cjP
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CHART 9.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 3 
AND A TAIL-DAMPING POWER FACTOR OF 0 
I-Ix_IY	 I.	 1 
I	 2	 -671 X 1O,	 = 25, right spinal 
L	 sib	 J 
atter launching, the model motion became increasingly. 
oscillatory in roll and yaw and the pitch angle I	 .1 
decreased until the model abruptly went into I	 (deg) I	 (deg) 
an erect dive.	 I 
bAfter launching, the model motion became Model values I	 v
I 
I 
Increasingly oscillatory In roll and yaw Converted	 to (ips) I	 (rps) 
until the model rolled left, inverted, corresponding full-scale
I 
I i,nd continued in a left roll with the values. u	 inner wing up i	 Turns	 for fuselage almost vertical inner wing down I	 recovery
A.. 
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CHART 10.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING ! 
AND A TAIL-DAMPING POWER FACTOR OF 1079 x 100 
	
Imb2	
-865 x lO, = 25, right spin
 
a	 b	 c 
NO 3PIN	 .	 NO PIN	 NO PIN 
• 94 Cu 
b	 11 
NO IN 
Ailerons 
5 against
b 
P. 
 0 cc 
Cd 
 
NO-EPIN-	
I
	 NO SPIN 
Ailerons full against
	 Ailerons full with 
I	 J	 (Stick left) 	 (Stick right) 
0 
° 
d 94 
a 
'-4 
"S.. 
00 
O) 
0.) . -
'-4 
hQPIN	
b	
IN  NO 
aAfter launching, the model motion became increasingly 
oscillatory in roll and yaw until the model rolled
	 I 
left, inverted, and continued in a left roll
 
with the fuselage almost vertical. 	
.	
J (deg) (deg) 
bAfter launching, the model motion was slightly 
oscillatory in roll and yaw and the pitch 	 Model values -
	
V	 c 
angle decreased until the model abruptly 	 •converted to	 upe	 (rps) 
went into an erect dive. 	 -corresponding 
°After launching, the model steepened until 	 full-scale values. 	
.1 Turns for 
almost vertical and then went into an 	 U Inner wing up	 recovery 
aileron roll.	 •	 0 inner wing down
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CHART 11.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 5 
AND A TAIL-DAMPING POWER FACTOR OF 2020 x 106 
Fix - Iy
	
= -1052 x 10,	 = .25, recovery .ttempted by rapid full rudder reversal unless' 
	
I	 lflb 
otherwise noted, right spins] 
a	 b 
6D1 
39 16u
0,0
A 
276 0.2
-- 1,1	 l	 1 1b1 b1 
37	 1U
 
Microns	 - - 
1
	
against	 23 0.23 
d de de 
1, 2, 2
00 
'a. e 
o 4, 0 
0,
4, 
a
- 
b 
a
	
a 
1E 0 
aOscillatory spin.	 Average value or range  
of values given.	
-
a 
'Wandering spin. (deg) (deg) CRecovery attempted before model in final steeper Model values i 
attitude.	 Model recovered by going tflto an V I 
A	 aileron roll. 
"Recovery attempted by reversing the rudder from
converted	 to 
corresponding (fps) (rps) 
full-scale values, 
full with to	 ' against the spin. U	 inner wing up Turns	 for 
Visual observation.
D	 inner wing down recovery 
After launching, the model motion became increasingly 
oscillatory in roll and yaw until the model rolled NACA left, inverted, and continued in a left roll 
with the fuselage almost vertical.
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CHART 12.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 5 
AND A TAIL-DAMPING POWER FACTOR OF 1557 x 10-6 
FIX_ly	 I-
= -1052 X 10-, = 25, recovery attempted by rapid full rudder reversal unless 
mb 
otherwise noted, right spins]
	
- 
Two conditions possible 
"Wandering spin. 
boscillatory in roll, pitch and yaw, range of values 
or average value given. 
°After launching, the model motion became increas-
ingly oscillatory in roll and yaw and the 
pitch angle decreased until the model abruptly 
went into an erect dive. 
dRecovery attemped by reversing the rudder from 
full with to 7 against the spin. 
e fter launching, the model motion became increas-
ingly oscillatory in roll and yaw until the model 
rolled left, inverted, and continued in a left 
roll with the fuselage almost vertical.
Iv	 II 
(deg) J (deg) 
Model values	 v 
converted to
	 fpe)	 )rps Corresponding
 
full-scale values.
	
L 
Turns for U inner wing up
 
D inner wing down
	
recovery
Two Conditions possible 
-
NO PIN
33 I 7U
I 	 go 
10.23 
1 1 
NO 
f 
IN 
28
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CHART 13.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 5 
AND A TAIL-DAMPING POWER FACTOR OF 1079 x 10 -6 
11x_IY 
L 
mb2 = -1052 X	 = 25, recovery attempted by rapid full rudder reverse], unless 
otherwise noted, right spins] 
Two conditions possible 
C S. 0 
a) 
5 1 29'	 5' 04 
45121 NO cuJN\ 
2510.22	
Two condit one possible 
a	 rd 
	
0I22U	 I 10, 00	 liD NO SPIN 
b b b	 26Ij0.2  
Ailerons 
4 against	
> 
U,
0 
,-4 0 
o a 4. .0 
o o 
a) 4, 
5' 
a) -. 
('a 
C
NO PIN
Ailerons full-against 
(Stick left)
l 20 
.29 
il
291
1
Ailerons 
full with 
(Stick right 
C 
	
'0	 1. 
a) 
'-4 
'-4 
o 0 
	
4..	 '.-. 
o o 
4' .l 
a).' 
5' 
a) -
`-4 
c	 '	 d 
NO IN	 _____ NO PIN  
I	 '	 25
1 
avery oscillatory in yaw and roll, range of values 
or average values given, 	 a 
Recovery attempted by simultaneous full reversal
	 (deg) (deg) 
of ailerons to with the spin and the rudder to
	 Model values 
against the spin.	 Converted to
	
'	 V	 fl 
CAfter launching, the model motion became lncreaa-
	
--	 corresponding
	
(fps) (rps) 
ingly oscillatory In roll and yaw until the model
	 full-scale values* 
rolled left, inverted, and continued in a
	 u inner wing up
	
Turns for 
left roll with the fuselage almost vertical.
	 D inner wing down
	
recovery dAfter launching, the model motion became increas-
ingly oscillatory In roll and yaw and the pitch 
angle decreased until the model abruptly went into an erect dive. 
eAfter launching, 'the model steepened until almost vertical and then NACA
 went Into an aileron roll.. 
Recovery attempted by reversing the rudder from full with to 1 against spin. 
gRecovery attempted by simultaneous reversal of the rudder from full with to 
against the spin and the ailerons from 1 against to full with the spin. 
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CHART 11 .- SPIN AND RECOVERY CHARACTERISTICS OF THE NObEL AT LOADING 5 
AND A TAIL-DAMPING POWER. FACTOR OF 0 
lix_ly 
L mb2	
-1052 x io4,	
= 25, recovery attempted by rapid full rudder reversal Unless 
otherwise noted, right spins] 
Two conditions possible
	
-	 Two conditions possible 
a	 .b	 a  
±590122
	 a	
I	 36! 1D 
NO PIN 
	
Two	 one possible	 291 I 0.23 
 a 
 
2Z 
, >lO	 NO PIN	 k	 dU	 ' I 
o C 279 0.24
 1, 1
	 ________	 I 
ee. 
Ailerons	
>3k, >10
14 A 
against	 r r r 
-
111	 ,.0 
• ____
00 
a 
'-I 
NO 
Stick left)
	 I	 I	 (Stick right) 
0 
V
a 
,-1 
-	 00 
a—
 
NO PIN	 NO SPIN	
1 
aArter launching, the model motion became increasingly
 
oscillatory in roll and yaw, and the pitch angle
	
I	 I , decreased until the model abruptly went into
	
a 
erect dive.	 (deg) I (deg) I 
boeciliatory spin, range of values or average
	 Model values 
value given. 	 v 
°Recovery atteupted by simultaneous full reversal
	
converted to
	
- I )fps) )rps) 
of the ailerons to with the spin and the rudder
	
Corresponding 
to against the spin.
	
ful1-scle values.
	 I Turns dwhjpping spin.	 U inner wing up for 
eaecovery attempted by reversing the rudder from full
	 D inner wing down i recovery 
with to against the spin! 
'Recovery attempted by simultaneous reversal of the rudder from full with to Z against 
the spin and the ailerons from 1 against to full with the spin. 
gAfter launching, the model motion 3became increasingly oscillatory in roll and yaw until the 
model rolled left, inverted, and continued in a left roll with the fuselage almost vertical.
LI
. 39	 U 
27 0.17 
Model values 
converted to 
corresponding 
full-scale values. 
Ii inner wing up 
D inner wing down
a 
(deg)	 (dèg) 
V 
(fps)	 (rps( 
Turns for 
recovery 
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CHART 15.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 6 
AND A TAIL-DAMPING POWER FACTOR OF 2020 x 1-6 
I 
I - 1Y	 I 
= -1571 x 10, V = 5, recovery bttempted by rapid full rudder reversal unless 
otherwise noted, right spins]
	 - 
f.	 a 
aAftST launching, the model motion was slightly 
oscillatory in roll and yaw, and the pitch angle 
decreased until the model abruptly want into an 
b erect dive. 
Oscillatory spin, average value or range or 
alues given. 
Rec
v
overy attempted by reversing the rudder from 
full with to against the spin.
NACA
NACA RN L50L08	
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CHA 16.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 6 
AND A TAIL-DAMPING POWER-FACTOR OF 1557 x 10- 6 
mb2 = -
1571 x lO u , V = 25, recovery attempted by rapid full rudder revers1 unless 
otherwise noted, right spins]
a b
3 	 9U 1. 0 
51 	 11D
261	 0.1
a 
7 6D 
Ailerons
33	 7U 
aist ag nst
0 
'4.	 a 
4	 0 
a.i 
a
d
Steep 
2 20	 epin 
Ailerons full against	 Ailerons full with 
264 0.19
	 (Stick left)	 >335	 (Stick right) 
>7,
0 
'-I 
'-I 
1 
+ 0 
a ,.s 
a
— 
14 
St e  
76	 3U	 s 	 in 
247 0.2	 >335 
>8, 9 
aWandering and oscillatory spin. Average value or 
b range of values given. 
After launching, the model motion was slightly 
oscillatory in roll and yaw and the pitch angle 
decreased until the model abruptly went into 
an erect dive.	 - 
°Recovery attempted by reversing the rudder from 
full with to	 against the spin. 
dRecovery attempted before model reached its 
final steep attitude. 
eModel recovers in an inverted dive.
ía	 J	 I 
	
(deg)	 (deg) 
Model values	 v 
converted to 
corresponding  
full-scale values. 	 I	 Turns for I U inner wing up	
recovery D inner wing down 
32
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CHART 17.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 6 
AND A TAIL-DAMPING POWER FACTOR OF 1079 x 10-6 
li
mb 
-	
= -1571 x 1O, p = 25, recovery attempted by rapid full rudder reversal unless
I.  
otherwise noted, right spins] 
a	 0	 d 
I12D	 a	 - 0. 
9J11u
cu k'\  
256 o.18	 Two conditi one possible  a____
	
No spin 
	
I 2U	 I 
>'°	
'oI kD	 I 
bc	 bo	 I	 I 
1, l	 263 0.19	 Nd 
e e Ailerons	 1,>,>7
	
_______	 .-1 
against	 bf1 bf
o 
+ 0 
a •.i 
5, e) 
- 
46 1D	 I 
Ailerons full against	 -	 Ailerons full with	 I	 I
2'9O.19  
	
(Stick left)	 No spin	 (Stick right)	 I	 I 
c1bo 
l, 2
0
0 
a 
0 
, 
a u 
'.4 
a 
g 
235 10.19 No spin  
I73UI	 __ 
.a8i0
 oscillatory in roll and yaw. Average value'  
or range of values given. 	 I	 I bVisual observation..	 (deg) j (deg) I CRecovery attempted by simultaneous full reversal	 _______________ 
of the ailerons to with the spin and the	 ' ,	 Model values	 I	 I 
rudder to against the spin.	 .	 converted to 
dAfter launching the model spine with increasing	 corresponding	
(fps) Arps} 
e radius until it goes into an erect glide,	 full-scale values. 
Recovery attempted by reversing the rudder from 	 U inner wing up	 J Turns for 
full with to	 against the spin.	
D inner wing,down	 L recovery j
Recovery attemped by simultaneous reversal of ailerons from 
52
against the 
spin to full with the spin and the rudder from full with to against the spin.

gAfter launching, the model motion became Increasingly oscillatory in roll and yaw 
and the pitch angle decreased until the model abruptly went into an erect dive.
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CHART la.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 6 
AND A TAIL-DAMPING POWER FACTOR OF 0 
[Ix mb
	
-1571 x 1O, = 25, recovery attempted by rapid f1 rudder reversal unless 
otherwise noted, right spins] 
a C 
PH
No spin 
b bli [jlj 
Ailerons de	 de
Ailerons full against 
(Stick left)
Ailerons full with

(Stick right) 
V 
aL'H
 
Oscillatory spin. Average value or range of 
b values given. 
Recovery attempted by simultaneous full reversal 
of the ailerons to with the spin and the 
c rudder to against the spin. 
After launching, the model motion was elitly 
oscillatory in roll and yaw and the pitch angle 
decreased until the model abruptly went into 
an erect dive. 
dRecovery attempted by reversing the rudder from 
full with to	 against the spin. 
5Vieual observation. 
Recovery attempted by simultaneous reversal of the 
rudder from full with to against the spin and 
1 
the ailerons from 7 against to full with the spin.
Ta	 1	 1. 
•	 I (deg) I (deg) I 
?lodelválues
	
•	 v	 I	 c Converted to 
Corresponding
	
(rps)1 
full-scale values. 
U inner Wing up,
	
I	 Turns for 
D inner wing down	 [cover 
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CHART 19.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 7 
AND A TAIL-DAMPING POWER FACTOR OF 1079 x 10 -6 
[IX -
	
= -208 x lO,	 35, recovery ttemetec by rapid full rudder reversal unless 
mb2 
Otherwise noted, right spins] 	 - 
ab	 1.	 I	 a	 C 
awandering spin. 
bWhtpping spin, . a I 0 I CRecovery attempted before model in final (deg) (deg) 
attitude.	 Model recovered by going into an Model values 
aileron roll, 
dRecovery attempted by reversing rudder from full
converted	 to 
corresponding -(fps( (rps) 
with to	 against the spin, full-scale	 values. Turns	 for 
5Recovery attempted before model in final attitude.
U
	
inner wing up 
D	 inner wing down recovery L Model recovered and then went into an - 
inverted spin. -	 -
CA
______	
31JOI 
IC 0.0 
Ailerons
Cl
age na
 
Elevator  
2
up 
>335 No spin 
11 
,	 ,>3>5 
awandeMng	 oscillatory spin.	 Recovery attempted before 
b	 model in final attitude. 
After launching model, the model motion became slightly 
oscillatory in roll and yaw and the pitch angle 
decreased until the model abruptly went into Model	 values 
an erect dive. converted, to 
Recovery attemped by reversing rudder from
-
corresponding.. 
full with to	 against the spin.
. full-scale	 values. 
dRecovery attempted before model'in final attitude. u	 inner . wfng.up. 
Model recovered by going into an aileron D	 inner wing down 
e	 roll.	 - .	 1.	 . 
After launching model becomes increasingly oscillatory inroll and yaw 
until model rolled left, inverted, and continued into a left roll. 
with the fuselage almost vertical. 
Recovery attempted before model In final ,.ttitude.,	 Model
.	 .. 
recovered and then went Into an inverted spin. 	 -.
e
App 
No spin	 27$
>335 
f 	 1 
. (deg)
	 (deg) 
V	 c 
)fps)	 (rps) 
Turns for 
recovery 
NACA 
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CHART 20.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING S 
AND A TAIL-DAMPING POWER FACTOR OF 1079 x o_6 
[IX mb2 
=	
= 35, recovery attempted by rapid full rudder reversal unless 
otherwise noted, right spine]
3, 
Two conditions possible 
a	 b 
e
NoIspi4-a Ailerons full against 
_	 (Stick left)
Two conditton possible 
No spi>335 
14 — 
00 
a 
S..0 
' 0 
A	 Ailerons full with pp
EL (5tickrit) 
, l
>335 
di d 
IN 
S. 
0 %. 0 
S. 
+ 0 
a 
'-4 
1.1 
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CHART 21.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 9 
AND A TAIL-DAMPING POWER FACTOR OF 1079 x 10-6 
— ly = -67 x	 = 35, recovery attempted by rapid full rudder reversal unless 
mb2 
otherwise noted, right.spins 
a	 b	 Cd 
a
After launching, the model motion became increasingly 
oscillatory in roll and yaw until the model rolled I	 a ,	 1 
left, inverted, and continued into a left roll I	 (deg)	 I (deg)	 I 
b	 with the fuselage almost vertical. Model	 values I	 I After launching, the model motion was aligfltly converted	 to 
oscillatory in roll and yaw and the pitch angle corresponding (rps(  
decreased until the model abruptly went into an full-scale values. 
erect dive. cRecovery attempted before model reached its final u	 inner 0 r	 Turns	 for	 I 
steep attitude.
inner wing down Lrecovery	 I d ipping spin.
	
Might be no spin if model could have
__ 
been held longer. 
eAfter launching, the model steepened and increased its 
radius until It went into a spiral glide.
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CHART 22.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 10 
AND A TAIL-DAMPING POWER FACTOR OF 0 
[IX -' = -
813 xlO, = 35, recovery attempted by rapid full rudder reversal unless 
	
otherwisonOted, right spins]
No spin	
No 
spin	 [ !o spin 
Elevator 
2 up 
3
	
No spin	 -' 
1. 
-	 o 
Ailerons 
1 gainet 
a
	
Ailerons full against	 -	 Ailerons full with
 
-	 No pin	 (Stick left)
	
No epti	 (Stick right) 
o
k 
'-I 
'-I 
o . 
'. 0 
o A - 
Cd 
4'O 
	
•	 a U) 
— 
a
NoLpin	
LN0H 
After launching, the model became increasingly  
oscillatory in roll and yaw until the model 
rolled left, inverted, and continued in a left	 ' 
	
b left roll with the fuselage almost vertical. 	 (deg)	 deg) 
After launching the model started oscillating	 Model values 
mainly in roll. The amplitude of the roll	 Converted to	 V 
increased until a roll of about 600 (inner	 corresponding	 (fps) )rps) 
•	 wing up) occurred and the model then pitched 	 values, 
to a very steep angle of attack and dived	 U Inner wing up	 Turns for 
vertically approximately 15 feet. The wings	 D inner Wing don	 recovery 
leveled out, the nose came up, and the model then  
smoothly entered a right spin again. 
After launching, the model motion was slightly oscillatory 	 •	 NACA 
in roll and yaw and the pitch angle decreased until the 
d model abruptly went into an erect dive. 
After launching, the model steepened and increased its radius 
until it went into a spiral glide.
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CHART 23.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 10 
AND A TAIL-DAMPING POWER FACTOR OF 1079 x 10-6 
Ix - ly 
mb2	 -8!3 x lO, v = 35, recovery attempted by rapia full rudder reversal unless 
otherwise noted, right spins] 
No pin	 No spin	
[ 
No spin	 -	 .	 opin 
Elevator 
2 Tup
No spin
	 - 
,-1
0
' a
.0 
0 14 
Ailerons 
1
against 
a	 b 
Ailerons full against	 Ailerons full with 
No spin	 (Stick left)	 No spin	 (Stick right) 
0 
0 00 
14	 ed 
a	 d
.	 b 
No spin	 No spin	 No spin 
aAfter launching, the model became increasingly 
oscillatory in roll and yaw until the model	 I 
rolled left, Inverted, and continued in a left roll 	 a 
b with the fuselage .lmot vertical.
	
(deg	 (deg) 
After launching, the model motion was slightly 	 Model, values 
oscillatory in roll and yaw, and the pitch	 Converted to	 V	 (1 
angle decreased until the model abruptly want	 corresponding	 fps ). (rps 
into a dive,	 -	 full-scale values.	 I 
After launching, the model started oscillating 	 U inner wing up	 Turns for 
mainly in roll. The amplitude of the roll 	 D -inner wing down	 I	 recovery 
Increased until a roll of about 600 (inner wing up)	 L 
occurred and the model then pitched to a very steep angle of 
attack and dived vertically approximately 15 feet. The wings NACA 
leveled out, the nose came up, and the model then smoothly 
d entered a right spin again. 
After launching, the model motion was slightly oscillatory in 	 - 
roll and yaw and the pitch angle decreased until the model 
abruptly went into an inverted dive.
1 
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CHART 24.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 10

AND A TAIL-DAMPING POWER FACTOR OF 1557 x 
-'Y =
	
x lO, v = 35, recovery attempted by rapid lull rudder reversal unless 
mb2 
otherwise noted, right spins] 
,-I0 
1.1 
b I	 d a
9After launching, the model became increasingly  
oscillatory in roll and yaw until the model rolled 
left, inverted, and continued in a left roll with,a 
r
I	 1 
b	 the fuselage almost vertical. Model values
(dee) (deg) 
After launching,	 the model started oscillating Converted 
mainly in roll.	 The amplitude of the roll to (fps) (rps) 
Increased until a roll of about 600 (inner wing Corresponding 
up) occurred and the model then pitched to a full-scale	 values. •
very steep angle of attack and dived vertically U	 inner wing up D	 inner
Turns	 for 
approximately 15 feet.	 The wings leveled out, wing down recovery 
•	 the nose came up, and the model then smoothly 
entered a right spin again. 
° 
Aft 
er launching, the model motion was slightly oscillatory 
in roll and yaw and the pitch angle decreased until the 
model abruptly went into an erect dive. 
dAfter launching, the model steepened until almost vertical - 
and then went into an aileron roll.
No
Ailerons full against 
No 1spin " (Stick left)
Ailerons full with 
(Stick right) 
me
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CHART 25.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 11 
AND A TAIL-DAMPING POWER FACTOR OF 0 
lix -
	
-	
x lo-4,= 35, recovery attempted by rapid full rudder reversal unless I	 mb	 - 
L 
otherwise noted, right spins ] 
a	 b
0 
No
	
Flat S 
spin	 p. 
App
a 0 
pin	 27 1 I 	 a 
against 
Ailerons
	 [No
a
	
C	 d 
St e ep 
spin 
T App 
No	 .n 350	 >335 
—1 
a' 
00 
.0 - 
a' o 
e. a' 
- 
(4 
8
	
a 
0 
S 
0—. 
'-4
4-. 
I. 
o 
a' 0 
-4 
a s 
a' (4 
e	 -	 a 
No spin
 
&After launching, the model motion was slightly 
oscillatory in roll and yaw and the pitch angle 
decreased until the model abruptly went into an 	 (deg	 (deg) 
erect dive. 
bspin oscillatory in roll and yaw, pitch remaining 	 Model values	 v	 c	 I 
)  
fairly constant. Recoveries would probably be 	 Converted to	 (fps	 rps 
Coscillatory and wandering	 in. Might be no	 full-scale values.	 Turns for 
•	 )	 ()
unsatisfactory.	 Corresponding 
spin it model could have been held longer.	 U inner wing up 
dRecovery attempted before model in final 	 0 inner wing down	 L recovery
attitude. Model recovered by going into an 
aileron roll. 
8Atter launching, model becomes increasingly oscillatory in 
roll, pitch, and yaw until model rolled left, inverted, 
and continued in a left roll with.tbe fuselage 
almost vertical.
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CHART 26.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 11

AND A TAIL-DAMPING POWER FACTOR OF 1079 x 
{Ix15..IY = -
997 x iO'1, v = 35, recovery attempted by rapid full rudder reversal unless 
otherwise noted, right spinal 
Two conditions possible 	 Two conditions possible 
a	 b	 ,	 a	 C	 a 
II 6i 12u 1	 36 Iioo I
	 I 
I	 I	 I 
.1	 I	 ,	 I	 1 
110	
°  
No spin	
240.25
I 	 I	 I 
	
43	 I	 I	 I 
	
1111	 I 
>54,lO	 J!___1	
No spin 350 10.211	 Nosp1nj 
Ailerons 
j
o5Pin
r.4I.14 
5.1.0 
o  
4210 
a 
a IQ 
Sal 
d	 a	 I 
[ No spin	
Ailerons full against 	 Ailerons full with 
H	 (Stick left)	 No spin	 (Stick right) 
	
C	 - 
•0
a 
-1 
00 
00 
43 
-1 
d	 e	 f	 f 
No spin	 No spin	 NosPin] 
aAfter launching, the model motion was slightly 
oscillatory in roll and yaw and the pitch angle 
decreased until the mode' abruptly went into an 	 deg) I Ideg) 
b erect dive. 
Oscillatory spin, average value or range of 	 Model values	 I converted to 
values given. lips)	 Irps) 
.Wand	 spin with periodic whip, 	 corresponding	 - 
dAfter launching, the model became increasingly 	 full-scale values. 
oscillatory in roll and yaw until the model 	 U inner wing up	 Turns for 
rolled left, inverted, and continued In a 	 D inner wing diwn L recovery left roll with the fuselage almost erttcal. 
eAfter launching, the model motion was slightly oscillatory 
In roll and yaw and the pitch angle decreased until the 
model abruptly went into an inverted dive. 
DAfter launching, the model attitude steepened until model 
dived vertically out of the spin.
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CHART 27.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 11 
AND A TAIL-DAMPING POWER FACTOR OF 1557 x 10 -6 
[Ix ;b2 =	 x 10 4, = 35, recovery attempted by rapid full rudder reversal unless 
otherwise noted, right spins] 
Two 
d 
Elevator 
Is UP
1J.eron 
against
Il 
a 
.-1 0 
a	 a 
351 
Li.6 15U 
App 
325 0.20 1 	 3 
b1 
, 4, 
3 
nai.tlons possible 
a
d 
25 
41
lD 
21U 
No spin 357 0.22 
b1	 b1
____I . 	 I	 I	 I 
awandering and oscillatory spin, average value or 
b range of values given. 	 I	 I 
Recovery attempted by reversal of the rudder from deg) (deg) 
full with to 	 against the spin.	
Model values 
converted to
	
V 
CRecovery attempted before model reached its final	 corresponding (fps) )rps)1 
steep attitude. Model recovered by going into	 full-scale values. 
an aileron 'roll.	 U inner wing up	 L Turns for d Aft er launching, the model motion was slightly 	 0 inner wing down	 recovery oscillatory in roll and yaw and the pitch angle  
decreased until the model abruptly went into an	 - 
erect dive. 
cArter launching, the model became increasingly oscillatory 
In roll and yaw until the model rolled left, inverted, 
and continued In a left roll with the fuselage almost 
vertical.
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CHART 28.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 12 WITH THE CENTER-OF-GRAVITY 
LOCATION AT 11 PERCENT 	 AND A TAIL-.DAMPING POWER FACTOR OF 1079 x 10_6 
[ 'X -	 = -615 x lO,V = 25, recovery attempted by rapid full rudoer rever5l unless 
mb2 
otherwise noted, right spinal-
a	 t4 be 
123	 501 ki	 1ODI 
No	 pin	 c 29	 0.331 
36
- 
11U I	 1	 1 
53 7D Li__I Ailerons 
against	 252 
>9, 
•
— 
'-I	 M 
a 
.-.	 a 
.0 
o	 .4 
4'	 0 
a
4. 
a	 U 
a c	 - 
29	 130 
].	 3D 
Ailerons full against — -	 Ailerons run with 
No spin	 -e	 (Stick left) 277	 .36	 (Stick right) 
,	 4•,1O 
o	 •0 
d	 . 
a 
-4 
'-4
0 
4 
4,.44 
o	 0 4, 
a.' 
4. 	 U 
a 
-4 
4,1 
a . C
d1d1 
I	 rii 
-	
145	 7D 
No spin
 
277 OLJ. 
2, 3, 5 
aAfter launching the model motion became increasingly 
oscillatory in roll and yaw and the pitch angle 
decreased until the model abruptly went into an 
e	
(degi	 (deg) 
rect dive.  
bwandering spin.	 Model values 
Coscillatory spin, average value or range of 	 converted to 
values given.	 corresponding	 C fP C	 (rps 
dRecovery attempted before model in final	 full-scale values. 
attitude. Model recovered by going into an 	 U inner wing up	 Turns for 
aileron roll.	 •	 D inner wing down	 recovery 
eRecovery attempted by reversing rudder from full  
with to Z against the spin.	 - 
35 
50
13U 
9D 
291 No spin 
td	 dd
1 1 
Ailerons full against 
(Stick left)
Ailerons 
full with 
No I.pini,
 (Stick right) 
-	 1spin N 
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CHART 29.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL. AT LOADING 13 WITH THE CENTER-OF-GRAVITY 
LOCATION AT 39 PERCENT	 AND A TAIL-DAMPING POWER FACTOR OF 1079 x 106 
[I'- 'Y 
mb = -605 'c1O, x = 25, recovery attempted by rapid full rudder reversal unless 
otherwise noted, right spins] 
5. 
0 
a	 b	 C 
o. 
1 2	 16u	 ,	 3d 
60	 liD	 E1cuh'	 75	 3D 
Two condltio ne possible 
253 0.19	 a	 Ile	 .291 0.19 
1 3, I 
Ailerons 
1 agaInst
00 
4-. a 
4-' 0 
a-' 
as) 
— 
f-i 
b	 e 
0-
.4 a 
'-4
0 
4-. 
o 
4.' C) 
0.
4., 
• U) 
'-I--
NoLPifl]	 No spin  
a51 oscillatory in roll, yaw, and pitch. Average 
,., value or range of values, given. 
'Wandering, whipping spin. 
°Model spin radius increased until the model went 
A into an erect glide. 
'Itecovery attempted by reversal of the rudder from 
full with to against the spin. 
eAfter launching, the model motion became increas-
ingly oscillatory in roll and yaw and the pitch 
angle decreased until the model abruptly went into 
a dive. 
After launching, the model motion became increasingly 
oscillatory in roll and yaw until the model rolled 
left, inverted, and continued in a left roll with 
the fuselage almost vertical.
(deg)	 (deg) 
Model values 
converted to
	
V	 c( 
corresponding
	
(fps)	 (rpe 
full-scale values. 
U inner wing up
	
Turns for 
0 Inner wing down
	
recovery 
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CHART 30.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL AT LOADING 14 WITH THE CENTER-OF-GRAVITY 
LOCATION AT 39 PERCENT	 AND A TAIL-DAMPING POWER FACTOR OF 1079 x 10_6 - 
[IX_-= -162 x lO, s = 25, recovery attempted by rapid full rudder reversal unless 
'	 mb 
otherwise noted, right spins] 
a	 b 
35l3U 
52100	 V 3 	 3D 
263 0.20	 29 0.20	 No spin 
Ailerons	 rApp 
&Wandering and oscillatory spin. Average value or range 
of values given. 
bwandering spin. C5j so wanderirg that steady-spin data could 
d not be obtained. 
Recovery attempted by reversing the rudder 
from full with to	 against the spin. 
°Wandering and oscillatory spin. Steady-spin 
data could not be obtained. 
Visual observation.
I	 I	 1 (deg) I (deg) I 
Model values	 vn 
converted to
	 (fps)	 (rps) 
corresponding	
I full-scale values. 	
Turns for
	 I U inner wing up	
recovery	 I D inner wing down	
I 
NACA
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2712" 
K183" 
water 	 - ___ - 
line 0
	
\—Fuseiqe reference 
line 
Figure 1.- Three-view drawing of the model of a swept-wing airplane 
investigated.
NACA RM L50L08 
Figure 2.- Photographs of the model of a swept-wing airplane.
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Figure 4, Photograph of the model of a swept-wing airplane spinning in
the Langley 20-foot free-spinning tunnel.
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"{'z	 Relative mass distribution 
mb2	 Increased' along the wings 
Figure 5.- Mass parameters tested on the model of a swept-wing airplane 
design. (Points are for loadings listed in table II.) 
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